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Introduction & Motivation
« Top quark discovery in 1995 by CDF & D@

e Mass

- Heaviest elementary particle
- Important SM parameter

July 2008

—— :
{ —LEP2 and Tevatron (prel.)
8051 LEP1 and SLD

« Cross section

 Properties & other
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Introduction & Motivation
« Top quark discovery in 1995 by CDF & D@

 Mass o
» Cross section et 1) @ Dy
v
. Theoretic?l Callc‘ulation of tt Production Cross Section At Tevatron iy i
- S M t e S t g 14 ; 1"‘"2 pure NLO . El
blz : NNLO approx Moch and Uwer
1 2} N acciari et al

T S NSNS O U I BRR B
150 160 170 180 190
Top Mass (GeV)

- Background to Higgs & PBSM b '
- Resonance production

Jet 2(b)

- FB asymmetry

 Properties & other
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Introduction & Motivation
Top quark discovery in 1995 by CDF & D@

Mass

Cross section —

Properties & Beyond SM
- Charge

- Lifetime
- W helicity
- Non SM decay

- 4™ generation

- FCNC, W' vt

- Charged Higgs H* ectron ein)
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Introduction & Motivation

* Single top electroweak production ) |
mechanism predicted by SM q >-chahne t

e Evidence in 2006

W+
« Very Challenging:

- High backgrounds & few jets

- Need sophisticated discriminants @’ ¢ channel b
* Interest: - o

- Access to Wtb coupling:

. Direct measurement of |V_|

- Top properties

- Background to WH associated production
- Sensible to New Phenomena:
« FCNC, t', W', HT,

|
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Introduction: the Tevatron

VS = 1.96 GeV

Peak luminosities > 3x10%* cm™s™
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Introduction: the Tevatron
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Introduction: the Detectors

B Preshower
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Introduction: Top Signatures

. Top decays: ", q = jet
W - v, q' > jet
: J L
> = MET
b - b-jet
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Introduction: Top Signatures

. Top decays: ", q - jet

e - Jet

« Top pair signatures:

- lepton + jets

antiproton
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Introduction: Top Signatures

+ .
« Top decays: I, q - jet
W - .
and v, G - jet
. =MET
b - bejet

« Top pair signatures:

- lepton + jets
- dilepton I

p — b-jet
p — b-jet

antiproton
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Introduction: Top Signatures

. Top decays: ", q = jet

t | W+_\ @t

= MET
b - b-jet

« Top pair signatures:

- lepton + jets
- dilepton

jet
- all jets .
b-jet jet
W+
W- t t
jet
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Introduction: Top Signatures

« Top decays: I, q - jet
W+ S
vV, q —Jet
: g
R
b — b-jet

Top Pair Branching Fractions

« Top pair signatures:
- lepton + jets
- dilepton

- all jets "alljets™ 46%

tHets 15%

u+jets 15%

etjets 15% )
"dileptons™ "lepton+jets”
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Introduction: Top Signatures

« Top decays:

« Top pair signatures:

- lepton + jets
- dilepton

- all jets

« Single Top Signatures:

antiproton

"dileptons™”

antiproton

I*, q - jet

v, q' > jet

t 0
= MET

b — b-jet

Top Pair Branching Fractions

"alljets" 46%
tHets 15%
%
%

utjets 15%

etjets 15% .
"lepton+jets”

proton
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Introduction: B-Tagging

« How to identify b-jets: apply b-tagging

Displaced

- B mesons longer lifetime cks

secondary vertex
Secondary
- b larger mass

- Large track
IP significance

04/27/09 E Aguilé (York U)
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Introduction: B-Tagging

« How to identify b-jets: apply b-tagging

SecVix Tag Efficiency for Top b-Jets
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Introduction: Backgrounds

. Multi-jet et

Q|

« Z+jets, diboson (WW,ZZ,WZ)

« Top pair is a background to single top!
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Introduction: Backgrounds

. Multi-jet et

— From data

Q|

MC

« Z+jets, diboson (WW,ZZ,WZ)

« Top pair is a background to single top!
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Top Mass
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Top Mass

Mass of the Top Quark (*Preliminary)

CDF-I di 167.4+10.3+ 4.9 e
DO-I di-I ¢ 168.4+12.3+ 3.6 {1 — LEP2 and Tevatron (prel)
n —_—— 0 senr o
CDF-Ii di-l 1712+ 2.7+ 2.9 80.9 1 -EPd anaislD
Dol did T 1747:29:24 68% CL
. ® —

CDF-I I+4] 176.1+5.1+ 5.3 >
DO-I I+4] Y =

- 180.1+ 3.9+ 3.6
o S804 |l
CDF-Il 14 1721+ 09+1.3 >
) _ ——
DO-1I I+] 1737+ 08=1.6 -

L |
CDF-l all-j 186.0+10.0+ 5.7 .
) e e S T
CDF-Il all-j 1748+1.7+1.9 80.3 1
N @
CDF-Il trk 175.3+ 6.2+ 3.0
Tevatron March'09 B 1731+ 06+ 1.1 i
(stat.) = (syst. 150 175 200
| | ‘ | J/dof = 6.3/10.0 (7s|9%)
|
150 160 170 180 190 200 mt [Gev]
Myop (GeV/c?)
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Top Mass

Mass of the Top Quark (*Preliminary)
@
CDF-I di-l 167.4+10.3+4.9
[
DO-I di-l 168.4+12.3+ 3.6
‘CDF-Il i T 1712227229
* ——
DO-I1 di-I 1747 +29+24
@
CDF-114j 176.1£ 5.1+ 5.3
e @ ot
DO-I I+] 180.1+ 3.9+ 3.6
; -0
CDF-Il 1+ 172109+ 1.3
* -
DO-11 14] 173.7-08=1.6
@
CDF-I all-j 186.0+10.0+ 5.7
* _.-.
I] CDF-ll all-j 174.8+1.7+1.9
‘CDF-Il trk ¢

*Tevatron March’09

1756.3+ 6.2+ 3.0
173.1+ 0.6 + 1.1

March 2009
I

1 — LEP2 and Tevatron (prel.)
80.51 -~ LEP1 and SLD

68% CL

-
________

(stat.) = (syst. 1 75 200
‘ | ‘ | ¥2/dof =J 6.3/10.0 (7‘|$)%)
150 160 170 180 190 200 mt [GeV]
My, (GeV/c?)
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Top Mass

« Matrix Element with in-situ JES calibration in Lepton+jets

- Matrix Element

LO Matrix Elements: Transfer Function:
different for each process[Jij accounts for effects in
J \ energy measurement

AL I flg)flg,
P(Pf:Pﬂjpﬁ):;jdaﬂdaﬁdp;zf4|M(PE]|2 YW (E E )

e x

Phase Space Factor: integrate over Parton Distribution Functions

unknown or poorly measured quantities

- Event by event likelihood vs. m & AJES (fit to W mass)
P(m_,AJES) = ftop-Ptop(mt,AJES) + fbkg-Pbkg(AJES)

- Top mass at likelihood maximum
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Top Mass

« Matrix Element with in-situ JES calibration in Lepton+jets

D@ Run IIb Preliminary, L=2.6 fb™

CDF Run Il Preliminary 3.2 fb’ @ 1.06%— lepton+jets with prior
~ 14 -
Eﬂ 1.22— 1.05;—
L | . C
< 0.82— 1.045—
0.6;— 1.03
0.4:— C
02f 1.02
9E —A(nL)=-05 101
025 — A(InL) =-2.0 : s, |
°45 —A(nL)=-4.5 i3 Snefnl—c0
B T TR T R 7 R R 7R R 0.99
m, (GeV/c") - | | | | |
09%8 170 172 174 176 178 180
M,,, (GeV)
- CDF(3.2 fb"): 172.1+ 0.9(stat) +0.7(jes)+1.1(syst) GeV
- D@ (3.6 fb™): 173.7+0.8(stat)+1.6(syst@jes) GeV
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Top Mass

« Dilepton (eu) with ME by D@ with 3.6 fb™
174.8 £3.3 (stat) £2.6 (syst) GeV
« Dilepton with template fits by D@ with 1.0 fb™

- Neutrino weighting (Il,1+t): 8

1 139

S
o

176.0 £5.3 (stat) £2.0 (syst) GeV

- Matrix weighting (ll):

175.2 £6.1 (stat) £3.4 (syst) GeV

« Combination:

Events

174.7 £2.9 (stat) £2.4 (syst) GeV

140

[%]
(=2
I|IIII|IIII|IIII|IIII|IIII|IIIIIIIIIlIIIIlII

DO Runll Preliminary {

160 170 180 190 200
m, GeV
141~ 4 signal m =175 GeV
- Bl background -
12— DO Runll Prelimina
C +data v
10F
o
6
4_
2

04/27/09

E Aguild (York U)

26



Top Mass

. All jets by CDF with 2.9 fb:

- Selection with NN %50
- In-situ JES calibration ’

Extract m_from x? of 6 jets

Mass template fits

174.8 £ 1.7(stat) = 1.6(JES) *** _ (syst)

-1.0

CDF Run Il Preliminary, (2.9 fb")
0 2r
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r 2 °r
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of 200(
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CDF Run Il Preliminary (2.9 fb™")

=Y
Q
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w
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T

=2 tags events N }
oul

—— Data
- Fitted tt

" Fitted Bkg

!

¥2/Ndof = 14.4 /15
Prob = 0.493

0.95 1 1.05

CDF Run Il Preliminary (2.9 fb™)

1 tag events m:ec

—— Data
[ | Fitted tt

I Fitted Bkg

x2/Ndof = 27.6 /38
Prob = 0.895

100

150 200 250 300
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Top Pair Cross-section
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Top Pair Cross-section

CDF Run Il Preliminary*

July 2008

' [ Cacciari et al., arXiv:0804.2800 (2008)
Kidonakis & Vogt, arXiv:0805.3844 (2008)
[T Moch & Uwer, arXiv:0807.2794 (2008)

Assume m=175 GeVic’

DO Runll -- preliminary August 2008
P
+' - + *
I+jets & dilepton & tau+lepton HeH 783 :g_ig ig'ggio.% pb
—1 . .
1.0
+j - i
I+jets (b-tagged & topological, PRL) ® 7.42 0,53 045 20.45 pb
0.9 fb™
I+jets (neural network b-tagged)* He 8.20 tggé jggg +0.50 pb
1.0 o
dilepton (topological)* el—H 7.03 :1(1]‘21 ig.;g +0.43 pb
—1 . .
1.0fb
I+track (b-tagged)* o H 5.0 ji igg 203 pb
1.0 f5~' ‘
tau+lepton (b-tagged)* H *—i 7.32 +1.gj jgg 4045 pb
L -1 .
22fh
tautjets (bagged) s I 54 4307 405 pb
1 . .
0.4 fb
alljets (b-tagged, PRD) o—H 4.5 ﬁ‘g iH 03 pb
0.4 o’ ’ '
(stat) (syst) (lumi)
. M. Cacciari et al., arXiv:0804.2800
My, = 175 GeV . -
N. Kidonakis and R| Vogt, arXiv:0805.3844
CTEQ6.6M ‘
S. Moch and P. Uwer, arXiv:0804.1476
1

LeptonTrack 53413107405
.Lepton+Traq<: Vertex tag 18 141.8+1.140.6
(L=1.11b ) T
Dilepton T 5.740.84+0.440 4
(L=28f )  agmaml 00 T T T

) _ _ A
Oy | ematicANN 6.8+0.4+0.6+0.4
Lepton+Jets; Vertex Tag i 7 940.4+0.5+0 4
(L=2.71b ) e
'Lepton+Jets_% Soft Electron T@: ® 7 842 4+1.5+0.5
(L=2.0f0)  aumew 0 T T YT
'Lepton+Jets_% Soft Muon Tag ® 8 7+1.1+0.9+0 .5
(L=2.0f0)  mdgmw 000 T T
MET+Jets: Vertex Tag 6‘ 6.11.2 +0.B+0 4
(L=0.31b ) : =06
Allirtidfgiftg_})feNex Tag . 83+1.0 i%:giU.S
CDF combingd n 7.0+0.3+0.4+0.4
(stat)=(syst)=(lumi)
| | | | | | | |
0 2 4 6 8 10 12 14
o(pp — tt) (pb)

0 2 4 6 8 10 12
G (pp — tt) [pb]
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Top Pair Cross-section

CDF Run Il Preliminary*

July 2008

' [ Cacciari et al., arXiv:0804.2800 (2008)
Kidonakis & Vogt, arXiv:0805.3844 (2008)
[T Moch & Uwer, arXiv:0807.2794 (2008)

'Lept0n+Traq<
(L=111)

.Lepton+Traq<: Vertex tag
(L=1.11b)

Assume m=175 GeVic’

8.3+1.3+0.7+0.5
&

10.141.8+1.140.6

e g1 6.7+0.8+0.4+0.4
: Bt i
Lepton+Jets; Kinematic ANN
o o) 6.8+0.4+0.6+0.4
‘Lepton+Jets: Vertex Ta i
(=27 g 7.2+0.44+0.5+0.4
'Lepton+JeIS' Soft Electron T;
plonlets, @ 7.8+2.441.50.5
'Lepton+Jets% Soft Muon Tag ® 8. 7+1 1+0.9+0 5
(L=20f) a0 T T
MET+Jets: Vertex Tag 6‘ 6.11.2 +0.B+0 4
(L=0.3 ) : = 06—
&
All-hadronic: Vertex Ta 20
(=101 g 8.3+1.0 £7.+0.5
‘CDF combingd m
L= 2.8fb'ﬁ 7.0+0.3+0.4+0.4
(stat)x(syst)=({lumi)
| | | | | | |
0 2 4 6 8 10 12 14
o(pp — tt) (pb)

DO Runll -- preliminary August 2008
1
H H *

I+jets & dilepton & tau+lepton HeH 7.83 T0-46+0.84 . o pb

10 - —0.45-0.53

+j - i
I letsq(b tagged & topological, PRL) H-®-H 7.42 10.53 £0.46 0.45 pb
I+jets (neural network b-tagged)* He 8.20 tggé jggg +0.50 pb

1.0 o'
dilepton (topological)* +1.12 +0.78
o —&—H 7.03 _1 04 _o'50 t0.43 pb
I+track (b-tagged): +16 +0.9
o H—e—H 50 ", ;s 03 pb
tau+lepton (b-tagged)* +1.34+1.20
i H—e—H 7.32 .5, 105 2045 pb
tautjets (b-tagged)” I . +4.3 +0.7
e I @ | 51 T.: 757 03 pb
alljets (b-tagged, PRD) +2.0 +14
: H—&— . 0.
014 o H 45 2214 403 pb
(stat) (syst) (lumi)
My, = 175 GeV . M. C-acciari-e al., arXiv:0804.2800
P N. Kidonakis and R! Vogt, arXiv:0805.3844
CTEQ6.6M :
S. Moch and P. Uwer, arXiv:0804.1476
| Ll ‘ Ll | L _ L Ll Ll
0 2 4 6 8 10 12

G (pp — tt) [pb]
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Top Pair Cross-section

. Lepton + jets by CDF with 2.7 fb™ (@m =175 GeV):

- Using b-tagging

o= 7.2 £ 0.4(stat) £ 0.5(syst) £ 0.4(lumi) pb

- Using topological NN

o = 7.1 + 0.4(stat) = 0.4(syst) = 0.4(lumi) pb 20

- Largest systematics:

- g fF
- [

C.}l [
50 [
40

30 [

10

5 6 7 8 9 1;0 )
+ JES (3%) i
« MC HF correction factor (3%) COF I pretiminary 28 15" N >3
. 2 F B data (5267 evis)
« B-tagging on MC (5%) § aso 4 -
23002_ B WV+jets
I acp

 Luminosity (6%)

- Get rid of luminosity systematic:

e Measure ratio to Z cross-section

compare to theory

o= 7.0 £ 0.4(stat) £ 0.6(syst) = 0.1(th) pb

+

250

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
NN output

o= 6.9 = 0.4(stat) = 0.4(syst) = 0.1(th) pb
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Top Pair Cross-section

« D@ combination of I+jets, |+ & T+I; DG Runll preliminary (10 f")
= 600
g
N (] °
- Extract mass comparing to theory z
| c.=8.18 pb
: : : + 400 tt
- From channel ratios set limits to H" mass | . Data
D@ Runll preliminary (1.0 fb™) ] s -
s 1 ] S tt + background
a 1 —#— Expected 95% CL limit 200- background
HT: 087 —e— Opserved 95% CL imit S
o 7 ] \ 3 S
t 06 ] f*\**\**\**\j\
E 0'4_: ‘.,/ 0 I+iets1tagll+jet32tag| dilepton ! t+lepton
0.2 o _
a |
080 100 120 140 160 & 145 e
M, [GeV] o= [ \
12—
D@ Runll preliminary (1.0 fb™") -
TGF 1 - _—\ oo
: 4 —=— Expected 95% CL limit 10 3
T 087 e Goserved 95% CL limit s
T ) e .
2 06— S E R Bl SO
T 1 . _ 43% 6 —o— Measuredo, ~  TTte.
=1 11 - - Nadolsky et al., PRD 78, 013004 (2008)  ~“==~.ll - rmmasiiiz:
m 0.4 ._./.—.J 4 Cacciari et al., JHEP 09, 127 (2008) ey
] B Moch and Uwer, PRD 78, 034003 (2008)
0-2__ 2_ 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
] 150 160 170 180 190
Top Mass (GeV)
080 100 120 140 160 ¥
M, [GeV]
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Top Properties
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Top Properties

« W helicity:

Negative Longitudinal Positive

Helics Helics Tl

f:{)ﬁ f,=0.70 f,=0

1t I'FW II

’ N n N\
’ | l \
V4 g \
7’ l \
7’
I \

l+

. ). €Q. direc-
b< * tion of top
w
G— 172 Vi % v, -
h €e——— 42 . 11€g. direc- 12
! < tion of top _’1
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Top Properties

« W helicity:

S f +f 4+f=1
+ 0 -

- Likelihood fit by D@ (2.2-2.7 fb™):
f =0.490 +0.106 (stat) £0.085 (syst)

f =0.110 £0.059 (stat) £0.052 (syst)

- Constraining f =0.7

f =0.019 £0.031 (stat) £0.047 (syst)

By CDF (1.9 fbl):

CDF Preliminary (JLdt=1.9 fb™!)
Assumes my = 175 GeV/c2

THEEERRRRRRRR RN

LLLLLRRR LR

Matrix Element:

+ ———
S £,=0.64 +0.08 +0.07
: Cos 6* Unfolding: :
s ®
£,=0.15+0.10£0.04 £ =0.38+0.21:0.07
= f47
£,=0.0120.05+0.03 (fix £9=0.7
(fix £7=0.0) f,=0.66+0.10+0.06
E Cos 0* Template: E
—— ®
£,=-0.03£0.07£0.03 £.=0.65+0.19£0.03
® (fix £0=0.7)
£,=-0.04£0.04£0.03 )
- -
i iT=00) £ =0.59+0.110.04
- % L1 | | [ 1 | | L1 | | \ E \ ‘ 1 1
0 0.2 0.4 0.6 0.8

W-Helicity Fraction from Top Decay

1

_F
.
o B D@ Run Il preliminary
a 60— .
() - Lepton+jets channel —e— D@ data, 1.2 b (a)
= — —— Signal + background
c - Wb SM Signal + background
w40 | | [ Background
20
-1 -0.5 0 0.5 1
cosO*
04/27/09 E Aguilé (York U)
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Top Properties
« Resonant top pair productlon by DJ with 3.6 fb* (CDF 1 fb'):

= 0.22F _

& 0.9E =3jets ¢ SM tt

R 018 ' —— Xt M,=450GeV

S 016 . Xt M, =650GeV

S 0.14F T X—tt M,=1000GeV

L 0;?‘5 DQ Preliminary
0.08F + 4t
0.065 Wt
0.04F "
0.02F , "

E e T =S SR
00 200 400 600 800 1000 1200
M, [GeV]

« 4™ generation quark by CDF with 2.8 fb:

‘Upper Limit on Resonant tt Production at CDF |

‘.é 1_—
£ C
T i
X
5 L
>
b =
107

>4jets

......................
T T T T

D@ Runll, L=3.6 fb"
Preliminary

—= Observed limit 95% CL
--- Topcolor Z’ (CTEQ6L1)
— Expected limit 95% CL

300 400 500 600 700 800 900 1000 1100

M, [GeV]

Exclude M, < 820 GeV @ 95% C.L.

102}

101t

+ observed
1001 ¢

top
W+jets
10k I Qcb

0 100

CDF Run 2 (2.8 fb)
Preliminary
m(t)=450 GeV |
200 300 400 500

Mreco (GeV)

102k

101}

CDF Run 2 (2.8 fb™)
Preliminary J

t observed

m(t')=450 GeV

400
Hr (GeV)

Exclude M, <311 GeV @ 95% C.L.

4 = .
F COF Run 1T Prefiminary L=955 pb-i
3.5 Expected Limit at 95% C.L.
C 1 + 10 Expected Limit at 95% C.L.
—_ C ——e—— Observed Limit at 95% C.L.
L | N S ] RS KK gluon (I" = 0.17M)
- Coo N 0% | mewasas Topeolor Leptophobic 2
ES r i SMZ'k =13
T 25 %
bN C
& 2
E I
<4 1.5—
- C
5 C
& C
5 1
0.5
500 600 700 B 800 900
Mass of tt Resonance (Gevlc )
T o 1 €
CDF Run 2 (2.8 fb™)
_— - -
) ] Preliminary
= t'—Wq, > 4 jets 3
'z-"‘: i Hy vs Mreco
i
(o}
-
-]
0.1F  range of observed 5
s expected 95% CL
upper limits
theoretical prediction
Bonciani et al.
1

1
200

40'0
t' mass (GeV/c?)

300 500
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Single Top
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Yield [events / 5 GeV]

Single Top Observation

« By CDF (3.2 fb*) and D@ (2.3 fb™)
D@ Single Top 2.3 fb™ Signals and Backgrounds
_ CDF mt — 175 GeV (All channels combined, after b-tagging)

uoloIpaid 0} psjeds ojies ajuo

th
- D@: m =170 GeV tqo I
t tt— il
tt —» +jets [l
« Event Selection: o
wej Il
- lepton+jets W
& =1 b-tag it
. ibosons
- M ET+JetS (CDF) Multijets [l
« S:B=1:20
- CDF Run Il Preliminary, L=3.2fb"
I Dg 2.3 fb-1 Data ¢ 500u ' ' [— CDF Run Il Prefiminary, L=3.2 b |
tb+tqgb =S-c:annell 3 160 " e Data W web ) WaLF
400+ Wbb IR "c”am:e ] S 7 B s-channel M ttbar (] Nonw
I b_tagged ) ch - %4000 o / -gi:f‘;‘:?n g 140 7 W tchannel [ Wc+Wcc M Z+jets, Diboson |
all channels Wjj+Wcj R ) o I Non-w D 400 |
7 Dibcz);Ler:z IIBOOO _ Eéét 100 E
L [0)) tt L
200_ _ tt_—)éé [ | f 000 I T ‘v(s:;Fuzact:n ] 80
tt - (+jets i
I Multijets S 60 |
1000 ] 0|
O L

0 50 100 150 0
W Boson Transverse Mass [GeV]

W+1jet W+2jets W+3jets W +4jets
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Single Top Observation

« By CDF (3.2 fb!) and D@ (2.3 fb?)
- CDF: m_= 175 GeV

- D@: m_= 170 GeV

Event Selection:
- lepton+jets

- MET+jets (CDF)
S:B = 1:20

Need sophisticated discriminants!

& =1 b-tag

Cross-section calculation:

- Data & model discriminant
distribution bayesian posterior

Significance:

- p-value from pseudo-experiments

Posterior Probability Density [pb~"]

S
~

S
w

o
N

o
-

(=]

]IIIlIIIlII] IIIIIIIIIIII

Position of peak
= o(tb+tgb)

68.27% of area
=t Ao

O T

1 1 2 Il 4 1 6 | I 8
Single Top Cross Section [pb]

34.3M pseudo experiments
115 above SM

Expected Significance:
4,507 % sigma

04/27/09 E Aguild (York U)
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Single Top Observation

 Need sophisticated discriminants:

- Boosted Decision Trees: .
£
« DT: sequence of cuts 2
« Boosting: forest of trees with §
higher weights for failed signal g
events $
« Variables: 20 (CDF), 64 (DQ)
L=
2
b=
=
@
>
11
BDT Results
L Significance Osit
[fb~1] Exp. Obs. [pb]
DO 23 43: 460 37110
@ 32 52 35 21%7

CDF Run Il Preliminary, L=3.2 fb"

[l s-channel
[Et-channel

500

400

300

200

100

-0.5

[CIw+light
[Ew+charm
[l W-+bottom
[ENon-w

W ztjets

[l Diboson
Wt

1|-+Data

PR ST T [ ST SR SR NN T S S 1
uonoIPaId O} POZIeWION

0.5 1

BDT Output (2 jets, 1 tag)

¢ Data

M tb+tgb

I Wbb

Il Wece

B Wjj + Wej
Ztjets

| Y]

Wl (i {+jets

Bl Multijets

¢

0.2 0.4

D@ 2.3 fb”

150

100

50

86

0.6
Boosted Decision Trees Output

0.8 1
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Single Top Observation

 Need sophisticated discriminants:

— Neural Networks:

« D@: Bayesian NN. Many NN's
averaged according to a bayesian

posterior

« CDF: 4 NN's with 11-18 variables
including a jet flavor separator

inputlayer  hidden layer  output layer

NN Results
L
[fb~1]
2.3
® s

Significance
Exp. Obs.

410 b.20
5.20 3.bco

Os+t
[pb]

4.7+%2

1.83%0

Candidate Events

Event Yield

500

400

300

200

100

0

300

All Channels CDF Il

Preliminary 3.2 fb~

M single top
Ot
Ewbb+Wce
BWc

B waqq

[ Diboson
O Z+jets
Qcb

. o data

80
70
60E1 |

@
50, |

40
30
20
10

06 07 08 09 1

MC normalized to SM prediction

1 05 0 0.5 1
NN Output
I o, D@ 2.3 fbT
Il wbb
— B Wecc

M Wjj+We 150
Ztjets

]

M (i /+jets 100

Il Multijets

50

0 0.2 0.4

86

0.6 0.8 1

Bayesian Neural Networks Output
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Single Top Observation

 Need sophisticated discriminants:

- Matrix Element

ME Results
L
[fb~]
2.3
® 3

Significance
Exp. Obs.
410 5.00
490 430

Ostt
[pb]

4.3%%5

+0.7
25745

- Likelihood Function (only CDF)

« Also optimized for s-channel
- MET+jets with NN (only CDF)

« Recover non-reconstructed leptons

® -
Er+jets 2.1

LF 3.2
LFS [{] 3.2

Significance
Exp. Obs.

l.4c 2.1lo
400 240
1.1 2.00

Os+t
[pb]

4.94%5

1.6755

0.9
1.51%%

Candidate Events

Events/0.25

CDF Run |l Preliminary, L=3.2 fb'1

0f
| & 3
[ a2 . |
ol & ]

[ g 12

g » 18

15

q lo

7T a.75 a8 0.B5 .| 0.e5 1 (=9

Event Probahility Discriminant 1z

1o

1@

12

111111 4 _(1

+ 1z

3
0 0.2 0.4 0.6 0.8 1

Event Probability Discriminant

CDF Run Il Preliminary, 2.1 fb”

350
—+— +DATA
300 + TopT
N _ .TOP [
B F— Multijet
2501 B0
- e i IDiboson
C Bz+nt.
200 B Bw +nt.
N M
150~ —+—
100F
50

08 06 -04 02 0 02 04 06 08 1

Final NN Discriminant Output

MC normalized to SM prediction
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Single Top Observation
« Combination: OBSERVATION!!!
Combined Results

- Combine the individual discriminants L Significance  0sss
« D@: use BNN [(b=!] Exp. Obs.  [pb]

. . DS +0.9
« CDF: use NN optimized with ® D i 3'9;;’-69
“Neuro-Evolution of Augmenting 32 3d¢ Bl DTG

Topologies”

[ S-Channel

CDF Run Il Preliminary, L = 3.2 fp | =8 I-Chamne - 900
(/2] F -HEN:)?fDoilr:a)pton) T $ Data Dg 2 3 fb_1
£ [ Alichannels —At i) - B tb+tqb .
o 10°c WacE >= I wWbb
T — iy «= 400 - - wee
i - o W Wij+Wej 150
10°¢ il S i B Z+jets
E [ Non-W L | MY
= —-Data 300 Ml (F—/+jets
102 Bl Multijets
z 200
10 3
>
1 S 100
o
g
10" % 0
. O 02 04 06 08 1
0 010203 04 05 06 07 08 0.9 1 o
Neural Network Output Combination Output
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Single Top Observation

« Event displays

DG Experiment Event Display

I:l _ Single Top Quark Candidate Event, 2.3 fb™' Analysis
===l o . - _ E Run 229388 Evt 13339887 Wed Jan 3 21:05:14 2007
|§ ) K ET scale: 39 GeV

Neutrino

b Jet

Electron .

Jet
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Single Top Observation

. Direct measurement of |V_|

i
= — U P+ f{*Pr] — (Pt — po) féLPL+f’fPR}
Wtb \/_. { ] MW v [ ]
> CDF Run Il Preliminary, L = 3.2 fb'
® DG 2.3 fb™ 2
5 1.5+ @
o | St IV, | >0.71 (95% C.L.)
§ I 1 = :_
=~ |Vl = 1.07 £0.12 =t
yr 1.0 © [
o I s
o flat prior = 0 a
I or
0.5/~ s
[ S I
L Or
- m -_
oL o - 95%
0 0.5 1 15 2.5 23 ! L B 2'0.'5'
|thf‘:|| IthI
|Vipfia| = 1.07 &+ 2-12- |Vip| = 0.91 £ 0.11,
|Vin| > 0.78 at 95% CL |Vis| > 0.71 at 95% CL
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Summary

« Top mass: latest CDF & D@ combination:
173.1 = 0.6(stat) £ 1.1(syst) GeV

 Improvements in top pair cross section measurement.
Interesting properties can be extracted

« Measured top properties still consistent with the SM,

CDF Preliminary Single Top Summary

* Physics beyond the SM being searched. For M, = 175 GeVic®
1 Eil(ceyfgggfunction | 15+ 82
' DG 2.3fb” March 2009 : :
 Single top observed |
Decision Trees 3.74 579 Pb Neural Nefwork 7
by CDF and D@ ] ! 118 u(s.sz'}N
Bayesian NNs e— 4.70 Zyg93 pb Matrg ;fls_;yent
: ! +0.99 o . ——
' Matrix Elements 4.30 2559 pb Likelihood, Function
 Improved direct :
BLUE Combination 4.16 0.84 pb B on Tree
m e a S u re m e n tS : . Combination (Lepton+Jets)
BNN Combination 3.94 +0.88 pb @.21")
|
Of |Vt b | — N Kidonai<is, PRD 74, 114012 (2006) My = 170 GeV )
! | | Combination (All Channels)
- T E—— TR - | (32m) ‘ ‘
0 5 10 + . :
o (pp — th+X, tqb+X) [pb] Single Top Production Cross Section (pb)

http://www-cdf.fnal.gov/physics/new/top/public.html
http://www-d0.fnal.gov/Run2Physics/top/top _public_ web pages/top public.html
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Back-up
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Tau identification

1 track
12%

74

A

i

P

1 track
EM subcluster
38%

%

/

> 1 track

EM subcluster
15%

« Tau candidates is a narrow jets (dR = 0.3) + one or more tracks

» For each tau type a neural network has been trained to distinguish
between true taus (from MC) and from fakes (from data).

« NN inputs: isolation, energy deposition profiles, track / calorimeter
correlation variables. NN performance has been verified with Z=7T data

D Run Il Prediminary
1 MO

= jet daia

Do Run Nl Preliminary

T MC

= jet daia

D Run I Preliminary
- cMC

= jel data
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Lepton+jets selection

electron:

muon:

jet:

MET:

Final:

DO

isolated cluster in EM calo,
p.>20 GeV, track match,

Inle 0-1.1

track in muon system,
track in central tracker
isolated in calo and tracker

p,>20 GeV, |n| < 2

dR=0.5 cone, JES corrected
for muons from b-guark decays,
at least 2 jets with

p. > 40 (leading), 20 GeV, |n| < 2.5

corrected for electrons, muons,
jets. MET =20 (e+jets),

25 (u+jets) GeV. MET vector

and lepton p_separted in azimuth
topological,

with b-tagging

CDF

isolated cluster in EM calo,
p,>20 GeV, track match,

track in muon system,

trak in central tracker
isolated in calo and tracker
p;>20 GeV

dR=0.4 cone, JES corrected,
at least 3 jets with

p, > 30 (leading), 20 GeV, |n| < 2.5

corrected for electrons, muons,
jets, MET > 35 GeV

topological (neural network),
with b-tagging

04/27/09
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Dilepton selection

DO CDF

electron: jsolated cluster in EM calo, isolated cluster in EM calo,
p,>15 GeV, track match, p,>20 GeV, track match,
Inle 0-1.1,1.5-25

muon: track in muon system, track in muon system and
track in central tracker in central tracker
isolated in calo and tracker isolated in calo and tracker
p,>15 GeV, |n| < 2 p,>20 GeV,

jet: dR=0.5 cone, JES corrected _
for muons from b-quark decays, dﬂ;%g Cf;g J,E,S cnze;t:d,
p, > 30, 20 GeV, |n| < 2.5 Pr : ev, n] < 2.

MET: corrected for electrons, muons, corrected for electrons, muons,
jets, MET = 0, 35, 45 GeV jets, MET = 25 GeV

Final: topological topological,

with b-tagging
04/27/09 E Aguild (York U) 50



Matrix Method

-

Loose Isolated Data N
Tight Isolated Data N, .= ¢,

LOOSE ™

—

+ Nyona
N

QCD

N

QCD

+ ESIGN;&.L SIGNAL

J

4 N

From QCD dominated
sample (MET < 10 GeV)

. //

a

-
From MC corrected by
efficiency measured in

- J/

Z—ee (Z-uu) events
-

Y

[

N s INCludes

W+jets and ttba

r]

J/

N

_ ESIGNAL NLDUSE o NTIGHT

NQCD_

€sionaL — €ocp
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Mass ME |+jets systematics

(GeV)

Source Uncertainty (GeV) Svstematic source | Systematic uncertainty
i‘]ighﬂ' Order Effects +0.25 Calibration 0.2
ISR/FSR +0 MC generator 0.5

Hadronization and UE 058 ISR and Fon 0.3

Color Reconnection 4+0.50 Residual JES 0-
PDF uncertainty +0.24 i — ,"}
Residual JES uncertainty $0.21 b-JES U.4
elative b/light response +0.81 Lepton Pr 0.2
Sample-dependent JES +056| | Multiple hadron interactions 0.1
Jet 1D efficiency +0.26 PDFs (.2
Jet energy resolution +0.32 Background (.5
Plus a few smaller sys <0.2 Color reconnection 0.4
Total +1.44 Total 1.1
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Mass dilepton systematics

Uncertainty

e Run I1b [f:«r*‘h-’ ]

Uncertainty ey Run ITa [GeV || ex Run IIb [GeV
JES 1 i
b/light quark response +1.4 1+1.6
jet resolution e e
sample-dependent JES +0.2 10.1
muon smearing e +0.3
b quark modeling 10.1 +0.3
PDF uncertainty e o
MC calibration +0.4 +0.4
signal fraction e +0.3
QCD background modeling +0.6 10.6
electron energy scale 10.1 0.1
muon momentum scale 10.2 +0.2
hadronization and UE +1.0 +1.0
ISR/FSR 10.6 0.6
Color reconnection +0.4 0.4
TOTAL +2.4 +2.6

JES up -1.5
JES down +1.8
b quark JES +1.4
jet resolution up -0
jet resolution down +0.7
jssr shifting +0.1
muon smearing up 0.0
muon smearing down +0.3
b gquark fragmentation +0.3
PDF uncertainty up —0.2
PDF uncertainty down +0.1
fit uncertainty +0.4
signal modeling +0.4
background fraction up —0.1
background fraction down +0.2
ToTAL s

TABLE II: Summary of systematic uncertainties.
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Mass alljets systematics

Source SMYt (GeV/c?) [SAJES v

Residual bias To4 T 0.24
2D calibration < 0.1 < 0.01

Generator 0.3 0.25
ISR/FSR 0.1 0.06
b-jets energy scale 0.2 0.04
SF Er dependence 0.1 0.01
Residual JES 0.5 ——
PDF o2 004
Multiple Hadron Interactions 0.2 0.01
Color Reconnections 0.4 0.08
Templates Statistics 0.3 0.07
Background Shape 0.1 0.02
Background Normalization 0.2 0.05
Total iijﬁ ig:gi
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top quark charge

* jsit
— tDW*b (Qy, = 2/3 €)

COF Run Il preliminany, Le1.5 b

— t>W-b (Qmp = -4/3 e) H; SM like ;.:-_ XM like
« Exotic model . _‘ m+2/3 Q

— doublet (—1/3e,—4/3e) ? f- MBkgs

— D.Chang et al., PRD59 (1999) 091503 2! ' Ve

DO PRL 98, 041801 (2007) -t

— 4/3e excluded at 92% CL .

— fraction of exotic quark pairs
< 0.80 (90% CL)

 CDF result with 1.5/fb

— p-value for SM: 0.31

— exotic model XM excluded with
87% CL

. ; 1
W charga * Jal charge

COF Run Il prefiminary L=1.5 fib”

Peeudo-gxperiments

- o8 - =& =
T T TTT T
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Single top event selection

@ One isolated lepton with pt+ > 15

and |n| < 1.1 (2.0) for e (u) CDF
@ Veto events with additional leptons @ One isolated lepton with pr > 20
@ 2.4 jets, with pr > 15 GeV and and |n] <1.6 (not for MJ)
Inget| < 3.4 @ Veto additional leptons
@ 1-2 b-tagged jets @ 2-3 jets, with pr > 20 GeV and
@ Leading jet pr > 25 GeV |7det| < 2.8 |
Leading b-tagged jet pr > 20 GeV @ At least one b-tagged jet
@ E1 > 20 (25) for events with 2 (3 @ Er > 25(50) for LJ (MJ)
or 4) jets @ MJ only: leading jet pr > 35,
@ Remove events with low second jet pr > 25 GeV
Hr(alljets, u,E 1) (~< 120 GeV) @ MJ only: Cut on NN trained to
to reduce QCD chareterize QCD

@ Remove events where £
aligned /anti-aligned with £+
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Single top event yields

Event Yields in 2.3 fb~' of D@ Data

Electron + muon, 1 tag + 2 tags combined

Process Number of Events in 3.2 fb~ !
W+ 2 ets W+ 3 jets
s-channel 58.1 +84 19.2+ 2.8
t-channel 87.6 + 13.0 26.2+ 3.9
Wb 656.9 + 198.0 201.3 + 60.8
Wee 292.2 + 90.1 98.1 + 30.2
Wej 2504 + 77.2 52.1 + 16.0
Mistags 501.3 + 69.6 1519+ 214
non-I 89.6 + 35.8 351+ 14.0
Www 585+ 66 212+ 24
wZz 289+ 24 85+07
2Z 09+01 04 +0.0
Z + jets 365+56 156+ 2.4
tt dilepton 69.2 + 10.0 60.2 + 8.7
tt non-dilepton 1349 + 19.6 421.8 + 61.1
Total signal 1457 + 214 454 + 6.7
Total prediction 2265.0 + 3754 | 1111.5 £ 1295
Observed in data | 2229 [ 1086

Source 2 jets 3 jets 4 jets
s-channel tb 62+9 24+ 4 T2
t-channel igb 77+£10 39+6 14+ 3
W+bb 678 £ 104 254 £ 39 73+ 11
Wicc 303 £48 130 £ 21 427
Wigj 4351 27 M3x7 24+ 2
W+ jj 413 £ 26 140+ 9 41+3
Z+jets 141+ 33 54 + 14 175
Dibosons 89+ 11 3215 9+2
tt— ¢t 149 £ 23 105+ 16 326
tt = [+jets 72113 331+51 452 £ 66
Multijets 196 + 50 73+17 30+6

Total prediction 2615+ 192 1,294 £ 107 742 + 80

Data 2,579 1,216 724
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Single top systematics

Systematic Uncertainties

Systematic Rate Shape
Jet energy scale 0...16% v
Initial state radiation 0..11% W
Final state radiation 0...15% v
Parton distribution functions 2...3% v
Monte Carlo generator 1..5% —
Event detection efficiency 0..9% —
Luminosity 6% —_
NM favor separator — v
Mistag model — v
Non-W model — v
ALPGEN Q* = v
MC Modeling (A R, n(42)) — v
W LL+W of normalization 30% —
W e normalization 30% —
Mistag normalization 17...29% —
_Top Mass - top-pair normalization  23% v

Components for normalization
Integrated luminasity ' B.1%
f cross saction 12.7%
Z+jets and SibOSONS CIOSS SSCSon 5.8%
Branching fracons 1.5%
Parton distribution functions (signal anly) 3.0%
Triggers 5.0%:
Instantanecus luminosity ressighting 1.0%
Primary vertex selection 1.4%
Lepion identfication 2.5%
Jat fragmentation (0. 7—4.0)%
Initial-state and final-state radiation (0.6—12.8)%
bjet fragmenitation 2.0%
il reconstruction and identification 1.0%
Jet energy rescluton 4 0%
Wejets and Z+pets heavy flavor comection 13.7%
Multijets normalization to dats (30-54)%
Maonte Carlo and multijets statistics (0.5-18)%

Components for normalization and shape

Jet energy scabe for signal (1.1=13.1)%

Jot Enengy scabe for total background (0.1-2.11%

b tagging for single-tagged (2.1-T.00%

b agging for double-tegped {B.0=11.41%
Component for shape only

ALPGEN revaighRing -
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Single top cross-check samples

2 (3 D@Runll, 23" = 37|
- S Data #
2 | Hr<175GeV Data ¢ | = o th+tqh M
= 1btag th+tgb® § Hr>300GeV  Non-t I
= 2 jets Wbb u"j [ 1-2b-tags  ti—>U
I e+ Weec B 40 4 jets  tt—{+jets
Wij+Wc B : e+l Multijets N
100~ Non-W Il |
Multijets Il 20
0- 0
0 0.2 04 06 08 1 0 0.2 04 06 08 1
Combination Output Combination Output

04/27/09 E Aguild (York U) 59



Single top cross-section calculation

Probability to observe data distribution D, expecting vy:

N N
y —_— &IJJ + E b — aﬂ_ —|_ E bﬁ - 035 __IFI:"?-FJ'
s=1 5= :‘::" 03 Kf \“-.
7] f \
nbins ! o ' \
S ‘-."l__'_‘..u 02
P(Dly) = P(D|o, a, b) = H P(Dily:) S 0.15 H“-,\
i=1 g 01/ 1%1
. . . = 0.05 _-"
The cross section is obtained S ¢ \uu_ R
. o [+ 8 10

single top cross section

Post(c|D) = P(o|D) ffb P(D|o, a, b) Prior(o)Prior(a, b)

@ Bayesian posterior probability density

@ Shape and normalization systematics treated as nuisance
parameters

@ Correlations between uncertainties properly accounted for

@ Flat prior in signal cross section
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